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January 14, 1999

CALFED Bay-Delta Program
1416 9™ Street

Sacramento, CA 95814
Attn: Cindy Darling

Dear Ms. Darling:

Enclosed is the otiginzl plus two copies of a proposal entitled “Assessment of
Ecological and Human Health Impacts of Mercury in the Bay-Delta Watershed,”
to be directed by Dr. Kenneth Coale and Mark Stephenson. We are requesting a
toizl of $3,700,000 for the period beginning October 1, 1999 and ending
September 30, 2002,

Studies outlined in this proposal will determine what are the most bioavailable
sources of mercury in the watersheds, where the most active methylation is taking
place downstream, whal environmental factors accelerate the methylation of
mercury in sediments, if mercury is higlr enough in sports fish to trigger health
advisories, and whether mercury is high enough to affect birds in the Delta. These
studies will recommend which restoration projects have the potential to enhance
methyl mercury production in the Delta,

San José State University has complete confidence in Dr. Coale’s and Mr,
Stephenson’s capabilities (0 carry out the proposed project. If you have any
questions on administralive matters, contact Dr. Nabil Ibrahim, Acting Associate
Vice President for Graduate Studies and Research, at (408) 924-2480; for
program mafters contact Dr. Kenneth Coale or Mark Stephenson, Project Co-
Directors, at (831) 755-8633 or (831) 633-0253, respectively; and for fiscal
matters contact Carol Sooter, Associate Director of Contracts and Grants, at
(408) 924-1430.

Any contract, grant or other agreement resulting from this proposal should be
between yvour agency and San José State University Foundation. The Foundation
is a legally recognized auxiliary organization of San José State University.

Sincerely,

Edd Burten
Assceciate Vice President for
Institutional Planning and Acadermnic Resources

nr
Encl.
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STATE OF CALIFORNIA—THE RESOURCES AGENCY PETE WILSON, Governor

DEFARTMENT OF FISH AND GAME

1416 NIMTH STREET
0. BOX 944209
ACRAMENTO, CA  94244-209Q

Rebecca Fawver. Date: Junuary 14, 1999
CALFED

1416 9thi st.

Sacramento, CA.

55814

Deear Rebecca,

Please find enclosed a proposal entitled "Assessment of Ecological and Humen Health Inpacts of Mercury
in the Bay-Delta Watershed” to be submitted to CALFED as a designated action. Studies outlined in this
proposal will determine what are the most bioavailable sources of mercury in the watersheds, where the
most active methylation is taking place downstream, what environmental factors accelerate the methylation
of mercury in sediments, if mercury is high enough in sports fish te trigger health advisories, and whether
mercury is high enough to affect birds in the Delta. These studies will recommiend to CALFED which
restoration projects (such as dredging, levee building, canal builing, dispesal of dredge spoils on wetlands,
creation of wetlands, etc.) CALFED should fund based upon their potential to enhance methyl mercury
production in the Delta.

Sincerely,

ot Wm
Director, Marine Potlution Studies

Californie Department of Fish and Game

P.O. Box 747

Moss Landing, CA. 95039

(831)633-0253

mstephenson@mlm!.calstate.edu
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Assessment of Ecological and Human Health Impacts
of Mercury in the Bay-Delta Watershed

--g proposal to the CALFED Bay-Delta Program, by—

PRIMARY CONTACT: Mark Stephenson, Director, Marine Pollution Studies Laboratories, California
Drepartment of Fish and Game,
P.O. Box 747

Moss Landing, CA 95039
Phone: {831)-633-0253; Fax: (831)-633-0128
Email: mstephenson@miml.calsigte.cdy

FARTICIPANTS AND COLLABORATORS

Charles N. Alpers', Joseph L. Domagalski?, U.S. Geological Survey, Placer Hall, 6000 J Strest, Sacramento, CA
95819-6129, 'phone--(916)-278-3134, P fux--{916)-278-3013 {or -3070, -3071), *phone—(916) 278-3077,
email: gnalpersi@nsgs. gov, JoedEuses. gov

Robert Broadberg, Office of Environmental Health and Hazard Assessinent, Sacramenio, CA, phone--($16)-323-
4763, email: rhrodber/@sactopo.cahwnet gov

Kenneth Coale, Moss Landing Marine Laboratory, California State University, P.O. Box 450, Moss Landing, CA,
95039, phone (831)-755-8655, fax (831)-753-2826, email: coale@mim] calstate edv

Ron Churchill, California Dept. of Conservation, Division of Mines and Geology, 801 K Street, MS 08-38,
Sacramento, CA, 95814-31531, phone--{916}-327-0745, email: rchurch@iconsrv.ca.gov

Jay A. Davis, San Francisco Estuary Institute, 1325 South 46th Street, #180, Richmond, CA 94804, phone--{510)-
231-9539, ext. 625, fax—(510) 231-9414, email: jay(@sfei org

Russell Fairey, San Jase State University Foundation, Moss Landing Marine Laboratories, P.O. Box 450, Mass
Landing, CA, 95039, phone (831)-633-6035, fax (821}-633-0128, e-mail: firey@miml calstate.edn

Chris Foe, Central Valley Regional Water Quality Control Board, 3443 Routier Road, Suite A, Sacramento, CA
95827-3098, phone—~(916)-255-3113, fax—(916)-255-3015, email: foec@gweate.swreb.ca. gov

Gary Gill, Laboratory for Oceanographic and Enviropmental Research, Deparmment of Oceanography, Texas A & M
University at Galveston, 5007 Avenue U, Galvestan, TX 77551, phone—(409)-740-4710, fax--(409)-740-
4853 or -4786 (fax), email: giligEitamup tamu.edu

Tom Grovhoug, Larry Walker Associates, Sacramento River Watershed Program. 509 4% Street, Davis, CA, 95616,
phone--{916)-753-6400, fax-{916)-753-7030, e-mail: tomg@lwadavis.com

Max Puckett, California Dept. Fish and Game, Granite Canyon Marine Laboratory, 34500 Coast nghway One,
Monterey, CA 93940, phone—(831)-624-6374, fax--(831)-659-5839, email:

Steven Schwarzbach, United States Fish end Wildkife Service, Sacramento Field Office, Env. Cont. Div., 3310 El
Camino Ave., Sgite 130, Sacramento, CA, 95321, phone--{916)97%-2110, fax--(916)-973-2128, email:
steven schwarzbach@smip2. irm 19.fws.gov

Darell G. Slotton’, Thomas H. Suchanekz and Douglas C. Melson®, University DfCalifomia, Davis, One Shields
Avenne, Davis, CA 95616, Deganment of Environmental Science & Policy, Depanmmt of Wildlife,
Fish and Conservation Biclogy, *Division of Biological Sciences, Section of Microbiology, "phone--(530)-
756-1001, ' fax-~(530)-752-3350, email: dgslotion@ucdavis.edy, thsuchanek@pcdavis.edu,
denelsonf@ucdavis.edu

Daniel Smith, California Department of Health Services, Environmental Health Investigations Branch, 1515 Clay
St., Suite 1700, Oakiand, CA, phone--(510)-622-4508, fax—(510)-622-4505, email:

Dsmith2@HW1 cahwnet. goy
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Assessment of Ecological and Human Health Impacts
of Mercury in the Bay-Delta Watershed

EXECUTIVE SUMMARY

Background: Eighty-eight percent of the mercury produced in the United Stales between 1850-1980 was mined in
the Coast Range of California. There were 320 mercury mines including several of the world’s largest. Most of the
mercury was transported across the Central Valley and lost in Sierra Nevada placer gold mining activities (R.
Charchill, personal commnnication). As a result widespread mercury contamination has oceurred in the Coast Range
and Sierra Nevada waterways and downstream in the Central Valley Rivers and the Sacramento-San Joaquin Delta
Estsary {Bay-Delta). Receni studies have determined that large amounts of mercury are still being transported
annually into the Bay-Delta from both the Coast range and from the Sierra Nevadas (Foe and Croyle, 1988; Larry
Walker and Associates, 1987; Roth e @/, 1998). Not all the spurces of this mercury have yet been identified,
though Cache Creek in the Coast Ramge appears to be a major source.

Methyl mercury is a potent human nevrotoxin, with developing fetuses and smatt children being most at risk (White
et al., 1993}, The principal route of human expesure is through consumption of mercury contaminated fish. Health
advisories and interim health advisories have been posted in the Bay-Deita recommending no consumption of large
striped bass and limited consumption of other sportfish species, with even lower consumption rates recommended
for pregnant women and small children (QEHHA 1994, San Francisco Regional Water Quality Control Board,
1995). More recent sampling has demonstrated high concentrations in other species suggesting that the
contamination is more widespread than previously thought and that additional advisories may be warranted.
Elevated concenirations of mercury in fish tissue may also represent a hazard to piscivorous wildlife. Species most
at risk are fish-eating birds and mammals.

An objective of the CALFED Ecosystem Restoration Program is to restore aquatic habitat and increase fish
abundance in the Central Valley and Bay-Delta. However, unless there is a successful mercury control program,
some of the new fish are likely to have the same body burden as organisms already present in the Estuary,
Increased fish stocks would likely result in an increase in fish catchas and an increase in mercury consumption by
the California angling public. And, becanse restoration activities involving reflooding wetlands may result in a
higher production of methyl mercury, this may increase the bicaccumutation of mercury in fishes, Asaresult, a
suceessful CALFED Ecosystem Restoration Program may exacerbate an aiready significant human health problem.

Inerganic mercury is converted to the methylated form (methy! mercury) by microorganisms, primarily sulfate
reducing bacteria. Factors which promote methy] mercury formation in the Bay Delta system are not well
understood, though temperature, orgenic matter, redox potential, salinity, pH and notganic mercury conceniration
are important in other systems {Gilmour, 1995). Key factors controlling methyl mercury production in the Central
Valley are not known although there does not seem to be a strong correlation with inorganic mercury concentrations
in sediment and water (Suchanek ¢f g/, 1997),

Strategy: The goal of the CALFED Mercury Water Quality Common Program is io reduce concentrations in fish
tissue to levels that do not pose a wildlife or human hazard, Our hypothesis is that net all the mercury moving into
the Bay-Delta is biologically available. Studies need to be undertaken 1o determine what are the most bivavailable
sources of mercury in the watersheds, where the most active methylation is taking place downstream, and what
environmental factors accelerate the methylation of mercury in sediments. Fuoture targeted remediation can then be
directed in a cost-effective fashion at sites that contribute the majority of biclogically available mercury to the
system. The result of remediation should be a relatively rapid decrease in mescury concentrations in fish tissue close
to the sources and a slow, gradual reduction (on the order of several decades) in mercury stocks throughout the
rivers and Bay-Delta system. Unfortuniately, so much mercury is present in sediment in the main stem rivers and in
the Bay-Delta that fish tissue concentrations may only be affected by identifying and managing sites with high
methylation polential. This could minimize mercury conversion to an organic form while allowing clean sediment to
gradually bury and reduce the bioavailability of the material already present. The result should be a gradual
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reduction in Bay-Delta fish tissue concenirations. A series of studies are outlined below to determine the
information needed to begin implementing this strategy.

The pian is fourfold. First: The primary sources of mercury and methyl mercury te the Bay-Delta system must be
determined. Mass loading studies are needed to augmentt past efforts by surveying new areas, to obtain methyl
mercury loading estimates. Key areas that lack data and need additional information include Cache Creek {Tasks |
and 5), the Moketlumne/Cosumnes rivers, the San Joaquin river and the entire Sacramento River watershed (Task 1).
Filling these data gaps will provide the information needed to determine which watersheds/rivers are most important
in transporting methy! mercury and total mercury into the Bay-Deita system.

Second: It is necessary to obtain data on mercury levels in fish to better evatuate the health risk posed to humans
and wildiife by local fish consumption. The levels of mercury in sport fish will be compared to guidelines for the
protection of human health, to assess whether additional fish advisories are needed (Task 2). In sddition, the levels
in small fish wili be compared with levels known to cause reproductive impairment in birds (Task 3). Companion
Iaboratory studies will simutianeously be conducted on bird eggs (Task 3) injected with inereasing concentrations of
methyl mercury to determine the thresholds for reduced hatching success and developmental abnormalities. These
levels will be compared to concentrations in fiekd collected eggs of piscivorous birds to ascertain whether
impairments are likely in Cache Creek and elsewhere around the estuary, Both sets of studies will provide critical
information on the human health and wikilife risk posed by consumptien of mercury coniaminated fish. The studies
will also help establish safe target fish tissue levels to guide future remediation efforts and to provide a baseline of
mercury data in fish tissue and bird eggs that can be used in future moaitoring programs to assess trends and
management success resulting from CALFED activities.

Third: The bicavailabiiity of mercury from various sources and at various points along the watershed must be
determined. Many of the strategies involve reducing loadings to the Delta, however, information regarding the
bioavailability of mercury from loading sources is absent or limited. The consensus of many researchers in
California and elsewhere is that much of the mercury contaminated sediment entering the estuary from both the
Siewas and Coast Range may have little bicavailability. If so, remediation of this material woukd be expensive and
do little to reduce mercury levels in fish. Studies will be undertaken to determine the bioavailability of the different
kinds of merarry-contaminated sediment present in tributary watersheds, as well as contaminated sediment once it is
transported into the estuary. The result should, once it is coupled with the loading information from the same
watersheds {Task [), provide definitive information on which tributary waterbodies are most importeat to remediare
for both local and downstream mercury controls (Task 4). The studies should also provide the first information on
where the majority of mercury is being methylated in the Bay-Delta. This information may prove crucial in devising
future management strategies to minimize estuarine methyl mercury production and reduce accumulation in the
aquatic food chain.

Fourth: Pilot mine remediation feasiblity smdies will be conducted in Cache Creek, The methodologies developed
in this series of smudies will be applicable to mine remediation sites in the entire watershed. Decreasing selective
Toading from key mine sites may ultimately be an effective way of lawering the methy! mercury levels in
downstream sport fish. Several known mine sites in the Cache Creek drainage which exporl potentially bioavailable
mercury wilt be studied to determine where in the mine coraplex the bicavailable mercury is being prodiced, how
best to clean up the site, the cost of cleanup, and how to monitor the effectiveness of the cleanup effort (Task 5).
Conducting these studies will refine our understanding of (1) the linkages between the amount of mercury coming
from mines and mercury levels in invertebrates and fish, (2) the relationship between mercury in low trophic level
bioindicator organisms as well as accumulations in higher organisms of concern from both a wildlife and humnan
health perspective and {3) which organisms will be the most effective in monitoring the success of mine remediation
efforts.

Finaily: The Department of Fish and Game will integrate the loading, health risk, bicavailibility, and mine
remediation studies into a cohesive research program. This will allow us to determine many of the impacts of
mercury, where mercury is coming from, and how to remediate. An initial review of the research plans, outlined in
this proposal, will take place by expert scientists, Department of Fish and Game, interested public, and CALFED to
insure that the best science is done. At the halfway point, another review will follow to allow for midcourse
corrections. All participants witl submit quarterly, mid project and final reports so that ongoing progress can be
monitored and any problems can be identified and addressed at an early stage. The Depuriment of Fish and Game
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will prepare 2 final summary report that addresses all the major objectives of this study and includes
recommendations for remediation as well as additiona! research that needs to be conducted. One of the goals of the
final summary will be to recommend which CALFED restoration projects (such as dredging, leves building, canal
building, disposal of dredge spoils on wetlands, creation of wetlands, etc.} should or should not be funded based
upon their potential to enhance methy] mercury production in the Delta.

SCOPE OF WORK
Task I: Quantification of Mercury Loads fo the Bay-Delta System from Tribw. Watersheds

Determination of the relative amounts of all major sources of estuarine methyl mercury is critical to deriving a cost-
effective strategy to reduce production of the material and decrease concentrations in biota. All the methyl mercury
in fish within the estuary is the result of either organic mercury being transported into the estuary in the major rivers
or of inorganic mercury carried in from the different watersheds and methylated in siw in estuariae sediment,
Studies are outlined in this section to determine the importance of methyl mercury loads and of estuarine production
of methy! mercury from sediment contaminated with inorganic mercury from the various watersheds. The results
will be used in two ways. First, the methyl mercury loads will be compared with similar estimates from estuarine
sediment 10 determine the relative importance of each water body in the direct production of organic mercury.
Second, the sediment load estimates from each basin will be coupled with estimates of methyl mercury production
from this material once in the estuary to ascertain the indirect importance of material from the basiz in the
methylation process. The two sets of resulis should provide conclusive evidence of the relative importance of each
watershed m the creation of methyl mercury and help focus funre remediation efforts on the most important
watersheds,

Snbtask 1A: Investigation of Sacramento River Mercury Soorces

Lesd Participant: Sacramento River Watershed Frogram

Inorganic tercury loading studies have been done for the Sacramento River, the source of 80 percent of the
freshwater entering the estuary (Foe and Croyle, 1993; Larry Walker and Associates, 1997; Roth ez o, 1998).
However, most of this data was collected during a single hydrologic cycle (wet year) and included little methyl
mercury data. - Additional loading information is needed for the Sacramento River, The study should emphasize the
collection of more total, dissolved and methyl mercury loading information in the context of sediment and water
fluxes. The study should also seek to determine the location of the principal upstream sources of both methyt
mercury and also of the most easily methylated inorganic mercury forms. The Sacramento Watershed Program has
committed to conducting total mercury studies over the next two years and is contemplating the addition of methy!
mercury monitoring at several sites and sharing the information with this program.

S 1B: Investigation of Mercury Sources from Other River Coy lump
and San Joaguin Rivers)
Lead Participant: Central Val ional Water Quality Co rd

Loading studies are also proposed for the Cosumnes, Mokelumne and San Joaquin Rivers. While the three
watersheds are much smaller than the Sacramento basin, extensive placer gold mining occurred in all three of these
drainages. In addition, several large mercury mines exist in the Southemn Coast Range and drain to the San Joaquin
River. Therefare, all three watersheds may be significant sources of estuarine mereury. Loading studies will be
conducted in each watershed for two hydrolegic cycles and estimates will be made of the loads of total recoverable,
dissolved and methyl mercury from cach basin. Estimates of sediment transport will alsa be made. As noted above,
the results will be analyzed to determine the annual methyl mercury load exported from each watershed and also the
methylation potential of sediment from the basin once transported into the Bay-Drelta.
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Sabtask 1C; ntification of Mercary an 1 Mercury Loads from Cache C
and the Yolo B

Lead Participant: U.S, Geological Sarvey

Loads of mercury and methy! mercury will be quantified at selected iocations in the Cache Creek watershed during
an 18-month period that includes two wet seasons. Several existing gauging stations will be used and four new ones
constructed. Six or more gauges will be instrumented for continuous monitormg of flow and turbidity, which will
be used to estimate suspended sediment and total mercury concentrations, compute accurate mercury loads, and
coordinare sampling during storm events at maximum discharge and sediment loading. Water quality and sedirment
concentrations will be munitored at gauging stations on at Jeast five occasions during the study period. Relatively
conservative trace elements (¢.g. Boron, Chloride) will be used o distinguish natura) mercury sources such as
therma! springs from anthropogenic sources such as abandoned mine sites.

Subtask 1D: Special Storm Event § of Mercury Loading in Cache Creek
Lead Participant: Central Vall jonal Water Quality Control Board

Harley Guich and Sulfur Creek have been identified as major sources of total and bioavailable mercury in Cache
Creck (Slotion et al., 1997; Foe and Croyle, 1998). The U.S. Geological Survey will install Bow gauges on both
Creeks and collect general loading information for each tributary (see Subtask 1C above). However, it is felt that
additional intensive sampling will be required at each location to fully characterize the loads a5 most material will
probably move off during short intense winter storms. Additional intensive event based monitoring is proposed for
both sites to determine total and methyl mercury export. Sampling would target winter storms or any other special
events identified to be major causes of off site mercury movement.

Sobiask 1E: Utilization of Laprangian Sampling for the Identification of Unknown Mercury Sources
in the Cache Creek Canvon

Participant: San Jose State University Foundation ¢ Moss landing Marvine La

Studies conducted to date in the Cache Creck watershed have demonstrated that most of the mercury expart occurs
during short winter high flow min numoff events (Foe and Croyle, 1998). The largest source of mercury was nat
identified. It appears to be located in the remaote inaccessible portion of the Cache Cresk cariyon between the
confluence of the North and South Forks and Bear Creek. )f sampling by the 11.S. Geological Survey during year
one (Subtask 1C, above) confirms the presence of thiy unidentified source, then otte or mare Lagrangian special
studies will be undertaken during year 2 to identify and quantify the loads from the source. Lagrangian sampling
involves monitoring the same mass of water as it flows through a watershed along with all tributary inpuis to
pinpaint sources and dilution flows.

The need for this study and the appropriate subcontractor will be determined at the end of year one by the California
Department of Fish and Game in consultation with the CALFED project manager.

Task 2: Human Health Risk Assessment and Bird Dietary Assessment of Mercury in the Sucramento Delta

Monitoring efforts in the Sacramento River Watershed Program, the Regional Monitoring Program in San
Francisco Bay, and other programs have found merciry concentrations to be a potential humnan health
concern in several popular sportfish species. This has resulted in fish advisories. CALFED is proposing
several restoration efforts around the estuary which may increase metityl mercury production. These
include creation of more shallow water habitat and beneficial reuse of mercury contaminated dredge
material on the outside of delta island levees. M Is vital to menitor and conclusively establish present fish
tissue levels so that changes over time can be tracked and clear evidence obtained that the net effect of
CALFED activities are to reduce fish tissue levels to concentrations below those impacting human or
wildlife health
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Subtazk 2A: Assessment of Fish Tissue Mercury Concentrations and Potential Human Health
Concerns

Lead Participaut: San Francisco Estuary Institote

The first objective is to determine mercury concentrations in fish caught throughout the basin to better characterize
the threat posed to human heaith by the consumgtion of fish from the Delta. The second objective is to establish
statistically sound baseline data to evaluate the effect of mercury remediation and wetland restoration activity in the
Basin, The third objective would be to have the Catifornia Office of Environmental Health Hazard Assessment
and/or the California Department of Health Services (DHS) evaluate whether further consumption advisories are
needed to protect human health.

The study will emphasize the collection of a variety of fish species at locations most intensively used by the
California angling public. The California Department of Health Services and/or CA Office of Environmental Health
Hazard Assessment will evaluate data collected to determine whether additional fish advisories are needed to protect
human health and what the target mercury tissue concentration should be to fully protect human health. The latter
will bevome the target for future CALFED restoration activities.

Subtask 2B: Asscssment of Dictsry Concentrations of o -Eati rds
Lead nt; San Francisco Estnary Institute

An assessmerit of the ecological risks to wildlife associated with consumption of fish has not yet been performed for
the Delta region. Piscivorous birds are one of the forms of wildlife most at risk from dietary concentrations of
methyl mercury. Many fish-eating birds breed around the estuary and may be exposed to elevated dietary mercury
concentrations. The objective of this study is to measure mercury tissue concentrations in fish species in the Delta
that serve ss bird prey items. These concentrations can be compared to dietary mercury conceéntrations in prey items
that have been demonstrated to cause toxicity to birds. The results will be compared with the results of the egg
surveys (Subtask 3A below) to determine whether field impairment can be demonstrated.

Task 3: Assessment of Mercury Hazards to Avian Reproduction in San Francisco Bay and the Sacramento-San
Joaquin Delia

Human health concems have been evagluated for San Francisco Bay and the Delta, resulting in advisories
recommending limited consumption of fish from these areas due to merciry contamination. However, an assessment
of the risks posed by mercury exposure to other top level consumers has not yet been performed and is needed to
further evaluate ecological impacts in the region.

Sobtask 3A; Field ent of A Mercury/Selenium Exposure in the Deita and Tributaries

Lead Participant; United States Fish and Wildlife Service

Mercury is dose-dependently transferred to the avian egg in organic form and has been shown to adversely affect
avian reproductive success in the laboratory and the field. Adverse effects on hatchability, growth, embryo
development and post-hatch success will be assessed based upon whole egg concentratiens of mercury andor
seleniwm, utilizing comparisons with resutts of laboratory studies. Selenium is linked to a mercury evaluation
becatise of the demonstrated synergistic and antagonist interactions of selenium and mercury in adult birds and their
embryos and the bicaccumulative nature of selenium in the avian egg.  Also, the Bay-Delta has significant sources
of selenium and these may alter mercury bicavailability and toxicity. Eggs collected after 8 days of incubation will
be assessed for avian developmental abnormalities and mercury and selenium tissue concentrations.  The direct
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assessment of viability has the advantage of demonstrating local bicavailability, as well as providing a direct means
of assessing risk, through both determination of chemical concentration and embryo assessment. A variety of
nesting aquatic species including rallids, waterfowl, shorebirds and calonial water birds will be collecied and
assessed, The field study will seek to assess 120 eggs/embryos per year, with at least four species represented in
each quadrant of the delta and its wibutaries in the spring of 1999 and 2000, Where possible, nest searches will be
conducted in other areas of the Delta where high fish tissue concentrations (Subtask 2A) or elevated methyl mercury
rates (Task 4) are measured.

Lead Participant: United States Fish and Wikdlife Service

Cross-species comparisons are difficult because of the great amount of work required to carefully study free-living
birds in nature or to establish a successfully breeding colony of captive birds suitable for controlied toxicity tests.
Furthermore, many fish-eating birds take three or more years to reach reproductive age. This Subtask will assess the
comparative toxicity of mercury to diverse species of birds, calibrate the toxicity fo feeding study resuits obtained
with mallards, and establish risk thresholds for egg residues of fish eating birds as well as other species. This will be
accomplished by working directly with eggs and using egg injection techniques to dose embryos, To do this,
investigators lead by Dr. Heinz will conduct a progression of studies, cubninating in an assessment of the toxic
thresholds of methyl mercury in the eggs of various fish-eating and other birds. This technique has the advantage of
assessing many species to develop reliable toxicity thresholds. Meaningful results for muitiple species are expected
within the two year study period. The results can also be compared with the egg field results obtained in Subtask 3A
above ta assess the likely threat posed by mercury 10 the avian commumity.

Task 4: nt of Mercury Bi ilability and Flux Rates from Sediments throughout the Bay-Delia
Watershed

Studies will be undertaken to determine the bioavailability of mercury in the different kinds of mercury-
contaminated sedinent present in tribetary wetersheds, as well as contaminated sediment once it is transported into
the estuary. it is unknown whether mercury in sediments ffom the Coast Range, derived mainly from cinnabar, is
equally bicavzilable to mercary in sediments from the Sierra Nevada, derived from elemental mercury released
duting gold mining activities. The result of these studies should be definitive information on which tributary
waterbodies are most important to remediate for both local and downstream mercury controls. The studies should
also provide the first information on where the majonity of mercury is being methylated in the Bay-Delta..

Two subtasks are proposed. Subtasks 4A (bicavailability studies) and 4B (flux studies) will use very similar flux
measurement techniques and methodologies, at some common stations, but differ in the following importunt
respects. Subtask 4A provides information on flux rates from mixtures of source and receiving sediments. Subtesk
4B will intensely investigate flux in a subset of Delta receiving sediments, model the mercury riverine budget and
determine temporal variations in flux rates from sediment that has not been mixed with source sediments. Personnel
from the California Department of Fish and Game, Moss Landing Marine Labs and Texas A&M will collaborate in
both studies to minimize study overiap and maximize efficiency in the iab and field. The study plan for each of the
following tasks will undergo extensive scientific review before study commences.

Subtask 4A1: Field Studigs-The Bioavailability of Me: of the Delta W, eds
Lead Participauts: California Department of Fish and Game,
San Jose State Uni ity Foumdation @ Moss [anding Marine 1aboratories

The objectives of this subtask are to measure mercury and methyl mercury in sediments throughout the Delta
Watershed io obtain preliminary estimates of methylation potential, and to measure the bicavailibility of mercury in
Cache Creek and Mokelume River sediments in selected downsiream habitats, The main hypothesis is "There is a
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difference in bioavailability of mercury derived from sediments in different drainages™. There will be an initial
survey of 50 stations from throughiout the Bay-Delta. Survey sites will be selected based upon historic data, habitat
type, sedimentary type, mode of deposition, crganic carbon, and other factors to be mutually identified with other

"investigators. This experiment will use methy! mercury/total mercury ratios in sediment to give a first arder
estimation of methylation potential which is a good proxy for bicavailability. Data coltected from this survey will
be used to characterize different habitat types and environmental conditions, as to their methylation potential.
Subsequent mixing and flux experiments will be located in habitat types that encompass the range of methylation
patentiai found during the initlal survey.

Seventeen stations from differing habitats will be selected for measurement of methy! mercury flux, using results
from the initial survey. Sediments from drainages found to contain refatively high levels of mercury, that are
representative of mercury derived from cinnabar (Cache Creek), and mercury derived from elemental mercury
(Mokelume River), will be transplantad to all seventeen different habitat types to determine if new environmental
conditions stimulate different amounts of methyl mercury production in tite two source sediments, as predicted from
the initizl survey. Three replicates will be analyzed in each habitat for each of two sampling pericds. All methy!
mercwry flux rates will be determined in soft sediments using benthic flux chambers and/or diffusive flux methods
wilizing interstitial pore water gradients. The flux chambers will be modeled after Gill i al. (in press), Mason e
al., 1999, and Bloom et al., 1999 and will consist of a polycarbonate dome with & stirring mechanism inside to keep
the water well mixed. All chamber components are nlira-trace metal cleaned to minimize mercury contamination.
Fhux rates are determined from changes in metal concentration over time within the fux chamber. The diffusive
{lux methodology involves extracting interstitial pore water from intact cores using ultra-trace metal clean protocols.
Flux rates are determined from pore water gradients and diffusive models. Transplanting of sediment in the field is
meant to complement concurrent laboratory investigations (Subiask 4A2) with similar sediment mixtures of 2
source sediments and 17 different receiving sediments.

Sobtagk 4A2: Y aboratory Experiments-Methyl Mercury Fiux as a Function of Sediment Soarce and
Miixi

Lead Participani: i i tories

Laboratory studies will investigate mixing of Coast Range and Sierra Nevada Range sediments with those from the
Delta to estimate changes in the rate of bisavailable mercury production resulting from downstream transport and
mixing of natural sediments. These experiments will involve hybrid sediment types created by mixing source and
receiving sediments from the habitats above. Methyl mercury flux rates from mixed sediments will be determined as
above. Variables influencing flux rates will be investigated, such as redox conditions, mercury concentrations,
temperature, overlying water velocity, amount of total and dissolved organic matter and microbial activity. The
effect of certain benthic macrofauna on mercury flux will also be determined by adding organisms (such as
Potamocorbula amurensis) directly to the incubated sediment samples. This study will be tightly coordinated with
those in Subtask 4B where benthic fluxes will be measured using benthic flux chambers.

Subtask 4B: Mercury and Methyl Mercury Flux Rates

d Partici : T Universil
Subtask 4Bi: Quantification of the Sediment-Water Exchange (Flux) of Total Mercury and Meihyl
M in the rige and i Francisco

This subtask is designed to provide detailed information on fiux rates in receiving sediments. Mercury loads from
tribufary sources will be assessed in Task 1, however, information regarding the flux of mercury from sediment
sources is absent or limited. The confribution of sediments to overall Bay-Delta mercury loading is expected to be
significant as sediment loadings of methyl mercury have been found to be significant in Lavaca Bay, Texas (Gill of
al. in press). The loadings from sediment need to be estimated and compared to loadings from the tributaries to
determine their significance.

Determination of the sediment to water input flux of mercury and methyl mercury will be made at approximately 6
stations in the Estuarime and Delta Region of San Fruncisco Bay, Stations will be selected based on resuits from the
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survey completed in Subtask 4A. Temporal variability at the six stations will be assessed by sampling three times
year. Flux rates will be determined using  benthic flux chamber deployments and estimated from interstitial pore
water gradients as described above {Gill et al., in press; Mason et al., 1999; Bloom et al., 1999),

Fra B Estuurme System from Riverine So am] Estmrule

The objective of this subtask is to provide information on the relative significance and importance of the estuarine
sediment input source proposed in Task 1. In order to scale the importance of the sediment input flux it is necessary
to have information on other patentiaily important input sources. The other obvious source of methyl mercury to the
upper estuary is via transport from upstream source regions.

Two estuarine transects will be conducted to caphure extremes in riverine flow within the estvary and provide the
maximwm rivering source flux ranges. To obiain flux informatéon, the estuary will be sampled across a salinity
gradient for total, dissolved, and methyl mercury from Sacramento to the Carquinez Straights. The data obtained
will be modeled using the mass balance geochenical approaches described in Flegal et al. (1991} and Wen et al.
(1996) to quantify the riverine inflow, in situ production (or loss), and estuarine export flax of the mercury forms.
This approach will provide an independent estimate to compare with the sediment-water fluxes determined in
Subtask 4A.

Subtask 4B3; Determination of the Temporal Variation of Methyl Mercury Production at Selected
"Hat Spots” in the Delta

It is now well documented that sulfatereducing bacteria are the major organisms i sediments responsible for the
production of methyl mercury from an inorganic mercury substrate (Gilmour et al., 1998). The activity and
abundance of these organisms is expected to be related to several envitonmental parameters, particularly the
availability of a food source, temperature, and redox conditions. Because these parameters can vary scasenally, it is
anticipated that the production of methy! mercury in surficial sediments varies as well. Bloom et al (1999) observed
that the methyl mercury content of surficial sediments and interstitial pore waters of a site in Lavaca Bay, TX varied
seasemally. in early spring a dramatic increase in methyl mercury production occurred increasing the percentage of
methyl mercury in sediments and also converting almost all of the interstitial pore fluids to methyl mercury. This
subtask is designed to assess fine scale tanporal varfation in methyl mercury production over the course of & year, at
one location.

Sampling will be conducted every 1.5 months for a period of 2 years to establish the methyl mercury production
pattem at a key site in the Estuarine and Delta Region of San Francisco Bay. Sampling will consist of determining
the methyl mercury to total mercury ratio at 6 depths (0, 1,2, 3, 5, and 10 cm) in sediments and interstitial pore
fluids, Sediments and interstitial pore fluids will be cotiected by sectioning and centrifuging & freshly collected
intact core under anaerobic conditions following procedures described by Bloom et al. (1999). The site chosen for
this study will be coordinated with other CALFED investigations and be ane of the sites chosen for Subtask 4A.

Task 5: Mercury Sources, Bicaccumulation and Trophic Trausfer in the Cache Creek Watershed
Subtask 54A: Identification of Mercury Sources (Hot S; and Bioavailabili
Participapt: University of Cali Davis

Cbjectives/Methods; Active and/or abandoned mining sites and total mercury “hot spots” within the Cache Creek
Watershed will be identified using an existing Geographical Information System mercury database for California
(developed by the U.C. Davis Mercury Group) and in conjunction with the Califoenia Division of Mines and
Geology (R. Churchill — see below). At these sites, mercury sources that have the potential to be transported to
Cache Creck and beyond will be characterized, quantified and the most abundarnt chemical forms of mercury will be
speciated. The UC Davis Mercury Group will rely on collaborations with the 11.5.G.8. team and others to obtain
these data. Lakes/streams that have the potential to carry mercury from these sources (e.g. Clear Lake, Indian
Valley Reservoir, Davis Creek Reservoir, Harley Guich, Sulfir Creek, Bear Creek, Grizzley Creek) will be
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investigated for loading from the different mercury sources. U.5.G.S. will be determining mass loading and key
inorganic and organic mercury fractionation. Once the primary forms of mercury have been identified, selected
benchtop studies (microcosm experitents wsing the methods of Mack et al. 1997) will be used to quantify the
potential for each mine source to produce bicavailable forms of mercury (e.g. methy} mercury) under a variety of in-
stream/down-stream environmental conditions. The primary objective of this wotk will be to characterize the most
important forms of initial ssurce mercury that promate mercury methylation, bicaccumulation, and trensfer to higher
trophic levels (see Task 5B). This will direct funure remedial work to the most appropriate and highly localized sites.

Subtask 5B: Characterization of Mercary Bioaccumulation and Trophic Transfer
Participant: University of Californi

Objectives/Methods: To develop a predictive relationship between mercury chemistry in water and sediments from
various sources (see Subtask 5A above) with that in biota (e.g. aquatic invertebrates and fishes), data will be
collected to characterize environmental mercury chemistry and compare with mercury accumulations in
invertebraies and smali fishes (used as key bioindicators, Slotton et al. 1997a, b, ¢, 1998), both spatiglly and
temporally within the Cache Creek Watershed, together with additional large fish collections, Biotic data will be
compared with the various mercury sources identified above. This work will (1) document the temporal and spatial
variability in mercury biocontamination within the watershed, (2} provide linkages between sediment/water mercury
and biotic merairy and between useful bioindicators and higher irophic levels, (3) provide mercury data to USF&W
to address wildlife concerns (small fish) and OEHHA human health concerns (large fish), and (4) establish baseline
seasonal biotic mercury data for the watershed so that changes in mercury bicaccumulation may be readily assessed
once remediation is undertaken. These data are essential to quantify the amouwnt of load reduction needed from
various sources and for remediation feedback. OEHHA will evaluate the data to determine if health advisories
should be issved.

Subtask 5C: Assessment of the Feasibility of Remediation of Mercury Mine Sources in the Cache
Creek Watershed

Sulfor Creek and Harley Guich have been identified as major sources of total and bicavailable mercury. Site
remediation feasibility studies should be undertaleen in these areas to identify the major sources of the bioavailable
mercury and the most practical, cost-effective confrol methods to minimize off site mercury movement. There may
be as many as 12 former mine sites that need preliminary assessment to document the potential for remediating
mercury runoff. The initial assessment would include visiting all the mine sites, drawing defailed site maps,
collecting samples of waste pile material and soil for mercury content determinations, estimating the potential for
offsite mercury transport, and estimating approximate costs for remediation. The Department of Conservation,
Division of Minas and Geology will conduct all the ipitial assessments. Later assessments would involve hiring
mine remediation experts to conduct a defailed evaluation of the impottant sites identified in the initial assessment
and estimate a more precise cost for remediating the mercury offsite transport. Control efforts for evaluation may
imclude nmoff and waste material 1solation stedies, natural revegetation, waste rock removal and infiltration
evaluations. This task will be funded in year 2 contingent on findings from the LS. Geclogical Survey (Subtask 1C
above) that indicate that mercury loadings from this area are significant relative to ioadings from other areas.

Task 6: Project Ma ment end Logistical € natiorn

The proposed project will be managed by Mark Stephenson and Max Puckett of the California Department of Fish
and Game (CDFG) through the San Jose State University Foundation (SISUF). The CDFG has a standing
relationship with SJSUF and Mr. Stephenson has served as principal investipator at Moss Landing Marine
Laboratories (MLML) through SISUF on over 30 projects. Dr. Kenneth Coale, Acting Director of MLML, is
participating in this project as a researcher and will be a co-principal investigator in managing the project with
CDFG. An experienced team of researchers from a imber of other agencies and universities will participate in
implementation and completion of the individual tasks described above. Coordination, oversight and contracting of
this team of investigators will be the principal management task for CDFG and SISUF.

16

I —0213414

[-021344



Subtask 64: Administrative Management
Lead Participant: California Department of Fish and Game

This inchides the day to day work involved in preparing, processing, and managing the numerous subcontracts, as
well as the reimbursable contract, for the project. 1t also includes all associated administrative management deties
such as invoicing, purchasing, personnel, and accounting. The budget for this subtask includes the estimated
averhead costr, for the pass-through subcontracts, as well as the tasks described herein,

Subiask 6B: Project Reporting and Coordinating
Lead icipant: Californis rimnept of Fish and Game

The work performed in this subtask includes the preparation and submission of Quarterly Progress Reports to the
CALFED contract manager; the planning and conducting of quarterly status meetings with all project investigators

to review progress and issues from the previous quarter; the preparstion and submission of the project Final Report;

and the preparation and submission of other deliverable products as specified.
Sal k 6C: Dats Management and C

Lead Participant; Californta Department of Fish gnd Game

The work performed in this subtask includes duties associated with quality assurance and quality control review and
participant reporting of data {reviewing the deta for compliance with Quality Assorance Project Plan
specifications). This subtask also includes the development and assurance of standardized reporting furmats for all
panticipants for data and for reports, as well as for standardized reponing of field sampling station information, such
as latitude and longitude, database headings, station numbering and naming, ete. A QAPP will be produced based
upon the Sacramento River Watershed Program's QAPP.

Subiasgk 6D Public and Ouwiresch
Lead Participant: Californias Depariment of Fish and Game/Sacramento River Watershed Fropram

The duties of this subtask are to ensure the 1imely and proper disseminatian of project information to a wide variety
of interest groups. This would include duties such as presentations to scientific and agency peers, seminars and
workshops for the interested or affecied public, preparation and dissemination of news releases or informational
brochures, and other outreach efforts as necessary. The Sacramento River Watershed Program will conduct much of
this part of the peogram as a cost share. It will include information in newsletters, present relevant information at its
warkshops, committee meetings, and public outreach meetings. In addition, the project will sponsor a seminar
series gt U.C, Davis for the northeam California mercury community where 2- 10 nationally/intecnationally
Tecognized mercury experts will be brought in to help educate those imterested in the latest developments in mercury
research and monitoring. Most of the investigators in this praject will also give talks to the public and to scientific
peers.

: Exteraal Scieatific Review and Oversight
Lead Participant: Califoruis Departwent of Fish and Game
An external scientific review and oversight committee consisting of 3-5 intemationally/nationally recognized
mercury ¢ycling experts with no financial connection to this project will be formed to aritique and provide
suggestions for improvement. Input from the scientific review and oversight commitiee would be sought prior to the
commencement of any daia collection, at midterm, and at the end of the project. All recommendations will be

colated and distribured 1o the Cache Creek Mercury Group, the Sacramento Watershed Toxics Subcommittee and
the CALFED project manager along with the California Department of Fish and Game's response to the review

11

I —021345

[-021345



comments/criticisms. The scientific review committee will work closely with the Cache Creek Mercury Group in
obtaining this groups review on afl activities planned for Cache Creek. This subtask includes the duties associated
with creating the committee by invilation, taking care of all logistical considerations of planning the actual meetings
(travel amangements, roam reservations, agenda packets, audiovisual materials, efc.}, assisting in the conducting of
the meetings, and preparing and distributing meeting summaries.

LOCATION AND/OR GECGRAPHIC BOUNDARIES OF THE PROJECT

The area encompasses the entire Sacramento/San Joaquin River Watershed downstream to the Carquinez Straights.

ECOLOGICAL OBJECTIVES AND RELATED BENEFITS

A. Primary ecological/biological objectives of project:

The objective of the project is to provide information that wil fead to a reduction of mercury in resident fish tissues
to levels that are not harmfirl to humans and wildlife.

B. Scientific hypothesis/question to be evaluated by project:

CALFED and other management actions will lead to reductions in mercuwry fish tissue to levels that are not harmfiul
to humans and wildlife.

C. Relation of this project to other current and previously funded projects:

There are a number af ongoing or recently compieted mercury studies in the Sacramento watershed and/or Delta-
Estuary. This project will be closely coordinated with each to insure that no duplication of effort occurs.
Coordination efforts with each project are briefly eutlined below. First, the San Francisco Estuary Institute (SFEI}
in cooperation with the Office of Enviromental Health Hazard Assessment (OEHHA), is managing fish tissue
studies in San Francisco Bay for the San Francisco Regional Board, In the Sacramento Watershed for the
Sacramento Watershed Program, and in the San Joaquin Basin and South Delta for DeltaKeeper, The purpase of alt
three studies is to determine whether mercury concentrations in fish tissue pose a human health problem. SFEI, in
coordination with OEHHA and DHS, will supervise these studies (Task 2). The result will be the first
comprehensive evaluation of mercury concentrations in fish across the entire Bay-Defta system.

Second, there is an ongoing [ong-term Remedinl Investigation/Feasibility Study (fimded by USEPA Superfund)
being conducted by T.H. Suchanek and P.J. Richerson (i992-present) at the Sulphur Bank Mercury Mine site af
Clear Lake. The purpose of these studies is to determine how mercury is being moved off the mine site and into
Clear Lake, and the subsequent dynamics of mercury bioaccumulation in the Clear Lake aquatic food chain. The
ultimate objective of the work is to determine the mosi cost-cffective way to remediate the mine site and remove the
mercury fish advisories from Clear Lake. D.G. Slotton has been leading & mercury hioaccumulation and loading
research program in the Davis Creek watershed (iritantary to Cache Creek) since 1985 and has also conducted a
variety of additional mercury loading and bioassessment studies throughout the Cache Creek study region that form
the preliminary basis for some of the proposed work. Drs. Suchanek and Siotton (U.C. Davis) are also the recent
recepients of an ongoing CALFED grani (1998-2001) to evaluate the impartance of flonded Delta 1slands in the
production of methyl mercury in the estuary. Both investigators will be responsible for conducting the Cache Creek
mine remediation source studies (Task 5A) and determining mercury bisaccumulation in the Cache Creek aquatic
food chain (Task 5B). They will also be actively involved in the methylation studies in the estuary (Task 4).

Third, the U.S. Geological Survey, Larry Walker Associates, and Central Vatley Regional Board recently comipleted
independent mercury mass load studies in the Sacramento watershed. Larry Walker Associates, through the
Sacramento Watershed Program, will continue fo conduct mercury loading studies in the Sacramento Watershed.
This work will be done in close cooperation with the designated action. The U.S. Geological Swrvey will be the lcad
on merawry mass lpading studies in the Cache Creek drainage (Task 1). The Central Valley Repional Board will
conduct loading stodies in the Cosumnes, Mokelumne, and San Joaquin Basins and in the special storm event
studies in Cache Creek (Task 1.
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Finally, the Department of Fish and Game has recently been funded by CALFED to study rense of sediments in the
Delta. Although a project sampling strategy has not been finalized, it is expecied thal the proposed project can be
closely coordinated and passibly linked with the Department Fish and Game’s currently funded project, especially
since any reuse of Delta sediments may release methyl merciry into the overlying waters.

MONITORING AND DATA COLLECTION METHODOLOGY

A Quality Assurance Project Plan will be prepared that will detail monitoring and collection methodologies. This
praject will take advantage of the existing QAPP from the Sacramenio River Watershed Program and modify it to
meet the project's needs. Standard nationally recognized methods will be ntilized where possible. However the
nature of some projects will require the use of emerging techmologies and performance based methods. The
miethodologies for mercury and methyl mercury analysis will be identical to or comparable to Frontier Geoscience's
methodology. Frontier Geoscience has been a pioneer in developing mercury and methyl mercury methods and its
emplayees have been in the forefront of mercury analytical chemisiry by sponsoring international intercalibrations
and being the principal authors of many of the EPA approved methodologies. At the onset of the research,
iatercalibrations will 1ake place to insure all methodologies are comparable. In addition, all the labs will agree to
same high level of QA/QC. See Tabie | (attached) for & summary of ecological/biological objectives, associated
hypotheses, and monitoring parameters and approaches to be used. Sediment variability will be evahuated in Task 4
50 that representative samples can be taken from each site.

Peer review will be used to address outstanding issues, inclnding methodological issues, and will oceur in at least
three ways. As mentioned in Subtask &E, an Oversight Committee of nationally recognized mercury experts (three
to five individuvals) will be assembled to review proposed projects prior to any data collection, at midterm, and at the
end of the project. The Cache Creek Mercury Group will alse be involved m review of studies i the Cache Creek
ares. At each stage their comments will be collated, summarized, incorporated into project plans and distributed for
public teview. Second, periodic program reports will be prepared and distribured 1o the Cache Cresk Mercury
Group, the Toxic subcommitice of the Sacramento Watershed Program and the stakeholders of the CALFED Waier
Quality Common Program for review and comment. Representatives of the Oversight Committee would be
available to review the program and answer public comments at a regularly scheduled meeting of the Cache Creek
Mercury Group. Finally, draft final reports will be widely distributed for review by both local and national mercury
experts and the lay public before being finalized.

TECHNICAL FEASIBH ITY AND TIMING
A. Esxplain whick alternatives were evaluated, and why were they not sefected?

An alteraative to doing the work outlined above would be to only use exisiing information {summarized by Foe and
Crovle, 1998, Lamry Walker and Associates, 1997; Roth ef of., 1998) regarding inorganic mercury loads and sources
as the basis for commencing load reductiens. However this aliernative does not provide sufficient data for
determination of baseline conditions from all likely inportant scurces nor does it consider bioavailability of the
material. Also, there remain significant vacertninties regarding the potential bioavailability of source materials and
magnitude of loads of total and methyl mercury . Another aliernative is taking no action, but this leaves no means
for evaluating current impacts of mercury on the Bay/Delta system or for ixdging the effectiveness of any wildlife
protection efforts or remediation activities implemented in the fiture. This clearly would not meet the objectives of
the CALFED Program.

B ‘What CEQA and NEPA decaments have or will be prepared for the project?

No CEQA or NEPA documentation will be needed.
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C. Explain what permits or agreements need to be in place to proceed, and explain the current
status of each permit or agreement. Explain any other constraints that conld impact the schedule sad
implementability of the project.

The mercury mines and geothermal springs in Hatley Guich and Sulfur Creek are on private property. Property
owners will need 1o be identified and their permission secured in order to undertake the mine remediation feasibility
studies (Task ). Regional Board, Fish and Game, and Department of Conservation staff will be responsible for
securing permission from all local landawners.

Other constraints that might impede the impiementability of the project would be physical access lo samrple
collection sites, particularly in the Cache Creek canyon and possibly in the Sulfur Crsek/Bear Creek area at high
flow conditions. Also, permission will be required for collection of water samples at some shes on private land.

D. Identify the nature and approach to reselving other cutstanding implementation issnes.

There are no other outstanding mmplementation issues.

COST AND COST-SHARING
A. Budgeis: See Table 2 and Table 3 (attached).

B. Other fonding commitments, status of commitments, source, and any cost-sharing requirements.

Cooperating agency cash siatus In kind total

USGS State-Federal Cooperative Hydrology Program $227.000 Temtative 50 $227,000
approval

USGS National Research Program, Water Resources Division b 0 Temiative  $200,000 $200,000
approval

California Dept. of Conservation — Abandoned Mines Unit $16,000 Tentative $20,000 $36,000
approval

Fairfield-Suisun Sewer District $ 9,000 Teniative $2,000 511,000
approval

Central Contra Costa Sanitation District $ 6,000 Tentative $2,000 £8,000
approval

Sacramento River Watershed Program Tentative  $260,000 $260,000
approval

California Dept. of Fish and Game g 0 Tentative £10,000 $£10,000
approval

Yolo Couaty $30,000 possible $20,000 $50,000

Homestake Mining Company $ ¢ Tentative $50,000 $£50,600
approval

Cther local or state agencies (to be determined) § 80,000 speculative $0 £80,000

Totals $406,000 £304,000 $710,000

NOTE: The USGS must receive non-Federal funds to be eligible for matching with funds from their State-Federal
Coop Program. Therefore the $320,000 budgeted for Task 3A will nead to be aif state money from CALFED.

In addition, the following in-kind or matching fund contributions are ientatively planned for this project, if finded:
+ The Central Valley Regiona! Water Quality Control Board will tentatively encumber $50,000 of 1998-9%
salary-savings money to be contributed towards matching funds; and

+ The California Department of Fish and Game (Moss Landing Marine Laboratory) will tentatively allocate
appraximately £50,000 of in-kind time.
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+ The Central Valley Regional Water Quality Contrel Board will allocate $50,000 of Toxic Substances
Monitoring Program funds to the Fish related studies.

# The Sacramento River Watershed Program will provide a cost share by analyzing total and possibly methyl
metcury in the Sacramento River, and provide funding for the Cache Creek Mercury Group moderator, and will
provide assistance in outreach. The amounis committed to this cost share are: $30,000 for Cache Creek
Coordinator; $45,000 for water monitoring; $35,000 for fish monitoring; and $180,000 for staksholder
involvement.

C. Identify the potential to incrementaily fund/implement the propesed scope of work.

Most studies need to be conducted concurrently except for those that are contingent upon results of year une studies.

AL RT, AND INVOLVEMENT

A. Is the county (ies) where the project is located aware of the project? Have they been notified in
writing of the project? Are they supportive of the project?

The Directors of Public Works for Yolo, Lake, Sacramenta, Colusa, Solane and San Joaquin Counties all received
draft copies of the proposal for review. Fach was asked to call if they had concerns. No calls were recefved.

B. Which local groups, including environmental groups, conscrvancies, CRMP's, ar other interesied
organirations are aware of the project? Which are supportive of the project? Which oppose the project?

SFEIl, San Francisco BayKeeper and its sister organization DeltaKeeper, the Cache Creek Mercury Group and the
Toxics Subcommittee of the Sacramento Watershed Program have all been notified that a mercury proposal is being
prepared for CALFED. SFEIL DeltaKeeper and representatives of the Toxics Subcommittes have all indicated their
supporl. We suspect the Cache Creek Mercury Group will also support the project as many of the ideas in the
proposal were advanced by the group in their mercury wrile up to the CALFED Water Quality Common Program.
However, no general mesting of the proup has been held so their formal approval has not yet been obtained.

C. Are adjacent or affected Iandowners, facility owners, and facility operators aware of the project?
Are they supportive? Are any opposed to the project?

No local lJandowners are yet aware of the project.

D. Does your project have a plan for public outreach to the groups listed above or to others who
may be affected by the project?

Yes, public outreach will occur through mail outs and meetings of the Cache Creek Mercury Group, the various
subcommittess of the Sacramento Watershed Program, Cache Creek Mercury Group (stakeholders), and the
CALFED Water Quality Common Program.

E. Ideniify auy potential third party impacts.

No third party impacts have been identified.

COMPATABILITY WITH NON-ECOSYSTEM OBJECTIVES

Eax:lais whether the project also provides benefits for or conflicts with other CALFED objectives, including
water quality, water supply reliability, and levee system integrity.

This project will provide mformation that will help guide CALFED in funding restoration projects that will enhance
water quality by lowering mercury loading into the Bay/Delta system.
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Appendix

Attachment One: Project Organization and Applicant's Qualifications
Attachment Two: List of references cited in the proposal

TABLE 1. Summary of ecological/biological objectives, associated hypotheses, and monitoring parameters and
approaches

TABLE 2. Total Budget: CALFED Funds Only

TABLE 3. Quarteriy Budget
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ATTACHMENT ONE: PROJECT ORGANIZATION
AND APPLICANT'S QUALIFICATIONS

A. Describe the planned organization and gualifications of the staff and other resourees fo be used in
implementing ihe project

The preposad project will be managed by Mark Stephenson and Max Puckett of the California Department of Fish
and Game through San Jose State University Foundation. The Department has a standing relationship with San
Jose State University Foundation and Mark Stephenson has served as principal investigator at San Jose State
University Foundation (SISUF) at Moss Landing Marine Laborataries on over 10 projects. Dr. Kenneth Coale,
Director of Moss Landing Marine Labs, is participating in this project as a researcher and will be a ¢o-principal
investigator in managing the preject with the Department of Fish and Game. Mark Stephenson and Max Puckett are
currently managing the monitoring part of the State Water Resources Control Boards Bay Protection and Toxic
Cleanup Program which has a very similar finding level and complexity of multiple investigators in collaboration
with SISUF and other institutions. Coordination, oversight and contracting of the team of investigators
participating in this project will b fhe principal management task for the Department and the SISUF.

B. Use of/limitations to competitive bidding:

Competitive bidding was not used for selection of participants. Participants were selected because in their
respective fields of expertise they were the most knowledgenble and respected in the country.

C. Applicant's Qualifications
Main contractor:

CALIFORNIA DEPARTMENT OF FISH AND GAME! MOSS LANDING MARINE LABORATORIES

Mark Stephenson is the Director of the Califomia Department of Fish and Game's Marine Pollution Study Group
ang i3 a Principal Investigator on several research projects at San Jose State University (SISU). Mr. Stephenson's
facility is located at Moss Landing Marine Labs, a laboratory administered through SISU, and he has been
conducting joint research projects with Moss Landing Murine Lab faculty since 1977. He has been assessing
mércury contamination in the marine envitonment as part of the California State Mussel Watch program for 22
years, In the last 10 years, Mr. Stephenson has worked on mercury contamination issues at the New Almaden Mine,
New Idrea Mine, and Walker Creek Mine. He has participated in meroury loading studies with the Sacramento
River Watershed Program, the California Department of Water Resources, and the Central Valley Regional Water
Quality Control Board in Sacramento, Mr. Stephenson has provided leadership and oversil management for seversl
multi-million dollar, multi-investigator projects, inchiding most recently the Bay Protection and Toxic Cleanup
Program. The Department of Fish and Game has the laboratory capability of analyzing mercury in tissve, sediment,
and in water. The Iaboratory has the only operational low-level mercury water analysis system in the state. Max
Puckett is an Environmental Specialist for the Califarnia Department of Fish and Game, and serves a5 the Director
of the Granite Canyon Marine Pollution Studies Laboratory. In this capacity, Mr. Puckett has served as the day-to-
day technical and administrative manager for numerous large-scale, long-term, multi-agency cooperative scientific
projects, including most notably the Bay Protection and Toxic Cleanup Program. In the last six years, Mr. Puckett's
manavement duties in the Bay Protection and Toxic Cleantup Program have entailed the preparation and oversight of
nearly 50 contracts and amendments totaling over ten million dollars for nearly 15 different agencies and
organizations. Mr. Puckett has over 20 years of experience in conducting as well as managing environmental
studics, specializing in pollution studies and their impacts on natural resources management. Mr. Pucketthas 8
Master's Degree in Natural Resources Management/Fisheries from Humboldt State University (Arcata, CA), as well
as a Bachelor's Degree from the University of Florida (Gainesville. FL) in Zoology/Envircamental Studies. Dr.
Kenaeth Coale is & biogeochemist with 25 years experience in trace metal biogeochemisiry and currently serves as
the Acting Director of Moss Landing Marine Laboratocies, For the last 10 years, Dr. Coale has received funding
from the National Science Foundation and the Office of Naval Research to saxdy the processes which control the
flux of toxic metals and nwirients between the sediments and overlying watets of the LA/Long Beach, San Francisco
Bay, and continental coastal margin systems using benthic flux chambers and sediment porewater modeling. Other
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interests include a) Trace element biogeochemistry in the Califtwnia Current and North and South Pacific Oceans.
b) The use of naturaily ocourring 1/ Th series radionuclides in the study of biologically mediated chemical
scavenging, removal and recycling processes. c) 2Ra:""“Ph disequilibria to date rockfish otoliths. d) Trace metal
speciation and the effect of metal speciation on trace metal limitation of phytoplankton productivity in open ocean
and coastal systems. ) The distribution and cycling of trace metals in lacustrine sysiems. f) Trace metal cycling and
removal in hydrothermal plumes. g) The role of continental margins in supplying trace metals to the ocean's interior,
h) Development of analytical methods for the determination of trace metals in natural waters. 1) The use of excess
?1%ph in dating marine sediments. He has served as a panelest on the National Science Foundation's Chemical
Oceanography review commitiee, is an Associate Editor of Marine Chemistry, Special Editor of the most recent
issue of Deep-Sea Research, Volume [, has participated on over 50 oceanographic cruises, and has over 40 peer
reviewed publications on trace mretals in marine and lacustrian environments. . Russell Fairey has served asa
project manager and environmental scientist at Moss Landing Marine Laboratories since 1992, His areas of
experiise include trace metal flux from manne sediments, marine sediment pollution and fish tissue contamination,
with peer reviewed publications in each of these arcas. He has played an active technical and management role in
numerous federal, state and local, multi-agency projects including, EPA’s Environmental Monitoring and
Assessment Program, California’s Bay Protection end Toxic Cleanup Program, and Sen Francisca Bey's Regional
Monitoring Program. Project funds managed for Moss Landing Marine Laboratories over the last eight years exceed
£3.6 million. Current research inchxles development of sediment quality guidelines and is highlighted by his
participation in the international Science Advisory Group on Sediment Quality Assessment.

Participants:

LS. FISH AND WIL.DLIFE SERVICE

Dy, Steven Schwarrbach is a wildlife toxicologist and serves as chief of the Environmental Contaminants Division
in the Sacramento field office. He has conducted numerous field and laboratory studies of envirommental
contarninants and specializes in avian reproductive toxicology. He has published a review of mercury toxicity to
birds, and has directed numerous avian reproductive field studies in the Tulare Basin, Klamath Basin, San Joaquin
Valley, Sacramento Valley, Cache Creek, and the tidal marshes of San Francisco Bay. Dr. Jogeph Skerupa is a
senior biologist within the environmental contaminants division, and has conducted nuterous field studies on the
reproductive effects of selenium in birds as well 2s publishing several reviews an the taxicity of selenium to biota.
Thomas Maurer serves as the branch chief of the environmental contaminants division and has over 17 years
experience in conducting environmental contaminant field investigations, including 10 vears in California ecosytems
impacted by agricultural drain water. Over the last 25 years Drs, Hoffrean and Heinz have published together or
separately over 30 papers on the toxicity of mercury and/or selenium to birds in controlled feeding studies. Recently
they demonstrated that mercury and selenium act synergistically to harm mallard reproduction when combined
together in the diet { Heinz and Hoffman, 1998). Dr. Heinz conducted a three generation study of mallands in the
1970s which is now used as the baseline toxicity study for all bird species. Dr. Hoffman is an avian terratologist.
Heinz and Hoffinan are uniquely qualified to extend their research into the relative toxicity of mercury and mercury
with selenium in mallards to other avian species

U8, GEOLOGICAL SURVEY
Dr. Charles Alpers is a Research Chemist with the U.S. Geological Survey, Water Resources Division, California

District Office in Sacramento. He received a Ph.D. in Geology from the University of Califomia, Berkeley in 1986,
and was a National Research Council Post-Doctoral Research Associate with the USGS in Menlo Park, Calif. from
1987-89. Since 1991, he has been the project chief for several geochemical and hydrogeologic studies of metal
transport involving mine drainages, their environmental impacts, and their ranediation. Dr. Domagabski is a
Sopervisary Hydrologist with the U.S. Geological Survey, Water Resources Division, California District Office in
Sacramento, He received a Ph.D. from Johns Hopkins University in 1988). From 1988-93, he worked on pesticide
chemistry, fate, and transports for several USGS projects located in the Central Valley and San Francisco Bay.
Since 1993 he has managed the USGS National Water-Quality Assessment (NAWQA) project in the Sacramento
River Basin, including studies of mercury and methyl mercury concentrations. Drs. Tavior and Roth are both
Research Chemists with the U.S. Geological Survey, Water Resources Division, National Research Program in
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Boulder, Colorado. They have exiensive experience in mercury analysis and its application 1o environmental
problems. Since 1995, they have participated in the USGS study of metal qransport in the Sacramenio River. Dr.
Krabbenhoft is a Research Hydrologist with the USGS, Water Resnurces Division, Wisconsin Districr Office in
Madison. He is an internationally recognized expert on mercury geochemistry, and has participated in numerous
studies of mercury fate and transport in California, Florida, Wisconsin, and elsewhere

UNIVERSITY OF CALIFORNIA, DAVIS

Dr. Darell Slatton has directed applied rescarch projects addressing heavy metal contamination and
bicaccumulation issues in California aquatic ecosystems for 15 years, with a primary focus on mercury. He has led
investigations of copper, zinc, and cadmium contamination at lron Moumtain Mine and Camanche Reservoir, where
sediment resuspension and metals transport, solubility, and bipavailability were investigated in a multi-year project.
Sinice 1985, he has run a mercury biogeochemistry monitoring and rescarch program at Davis Creek Reservoir and 2
mercury analytical laboratory at UC Davis. Between 1993 and 1998, Dr. Slotton led a research program throughout
the foothill gold mining region of the Sierra Nevada, primarily focusing on benthic invertebrates as proxies for
relative bioavailable mercury concentrations and loading. He conducted an intensive, multi-year study of mercury
mass loading, bicaccurnulztion, and remedial options at the Mt. Diable Mercwry Mine and Marsh Creek watershed.
Current projects include mercury bioassessment studies in both lower Putah Creek and its upper watershed, and a
large Delta study of mercury bicaccumulation and methylation (with Dr, Suchanek). Slotton has led 5 different
mercury studies {several ongoing) throughout the Cache Creek watershed below Clear Lake extending to the
Settling Basin. He has also been a part of the Clear Lake Superfund Mercury Project (see below) since jts mception.
Dr, Thomas Suchapek is a Research Ecologist and Directar of the U.C. Davis — Clear Lake Environmentat
Research Center (UCD-CLERC). He has led multi-disciplinary and inter-disciplinary ecosystem projects for over
18 years and has focused on the impacts of mercury on California resources since 1991, All of these programs have
involved multiple investigators from many disciplines and several have involved muiti-million dollsr budgeis. Dr.
Suchanek is also western regional director of the National Institwte for Global Environmental Change (a Department
of Energy sponsored program) and he administers a $1.2MfAr program dealing with anthropogenic impacts on
ecological systems. Dr. Suchanek is also Principle Investigator for an ongping inter-disciplinary project (which is in
its final phases) studying the biogeochemistry and ecosystem impacts of mercury contamination from the Sulphur
Bank Mercury Mine Superfund Site on the aquatic ecosystem of Clear Lake, CA. Numerous reports and
publications dealing with a variety of mercury issues have resulted from these and related studies and the final
product will be a set of effective remedial recommendations (to the U.S.E.P.A) targeted to lower mercury levels in
edible fishes withini Clear Lake. Dr. Suchanek is also lead P.I, with Dr. Slotton, on an cogoing CALFED fimded
project to evaluate the effects of wetland restoration on the production of methyl mercury in the San Francisco Bay-
Deita Estuary. Dr. Douglas Nelson, Professor of Microbiology, is an internationally recognized expert on
microbiology of the sulfur cycle. Both oxidative and reductive portions of the cycle are included in this multifaceted
program which encompasses ficld research (deep-sea sulfide-rich vents and seeps; sediments of Clear Lake, CA;
evaporation ponds of the San Joaquin drainage) and laboratory research (ecology and physiology of pure cultures,
mixed cultures and micracosms). Funding sources include NSF, NOAA-National Undersea Research Program,
Mineral Management Services of US Department of Interios and UC Salinity Drainage Program. Since 1992, he has
been imvolved in US EPA sponsored studies of mercury methylation in Clear Laka sediments. Important Bndings
there included: (1) a demonstration that sulfate-reducing bacieria, previously believed by others to be primary
methylators of mercury in anoxic sediments, perform roughly 25% of the total sediment methylation (2} a
demonstration that the vast majority of sediment inorganic mercury is not available for methylation.

TEXASA & AL N

Br. Gary A, Gifl is an Associate Professor of Oceartography at Texas A&M University in Galveston. Dr. Gill's
ares of research specalization is in the biogeochemistry of trace elements in natural waters, with particular
experience and interest in environmental and analytical studies concemning mercury. Dr. Gill has more than 20 years

of experience with a wide variety of environmental mercury studies and the analytical determination of ultra-trace
levels of mercury in the environment. He has more than 20 peer-reviewed publications related to the analytical
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chemistry or hiogeochemical cycling of mercury in the environment and has presented numerous presentations
involving environmental mercury studies at national and international scientific meetings.  Dr. Gill has most
recently worked on environmental mercury problems at an EPA Superfund site in Lavaca Bay, Texas and has also
has conducted mercury research in South Florida for the Florida Department of Environmental Protection to address
mercury problems associated with the Everglades.

CENTRAL VALLEY REGIONAL WATER QUALITY CONTROL BOARD

Dr. Chris foe has worked for the regional board in a special studies section since 1987, Between
1993-95 he conducted an inorganic mercury load study to the bay-delta estuary and determined
that cache creek in the coastal range was a major source of estuarine mercury. He is the author
of the regional board’s Bay Protection and Toxic Hot Spot Cleanup Plan for mercury.

SAN ESTUARY INSTITUTE

Dr, Jav Davis is an environmental scientist with the San Francisco Estuary Ingtitute. Dr. Davis received his Ph.D.
in Ecology at the University of California, Davis in 1997, His dissertation research was on the effects of
organochiorines in the double-crested cormorant, a fish-eating bird species, in San Francisco Bay. Dr. Davis has
worked on contaminant issues in the San Francisco Estuary since 1986, Dr, Davis worked for the Aquatic Habitat
Institate from 1986 to 1992. During this period he co-awthored several Institute reports, inctuding Status and Trends
Reports on Pollutants and Dredging and Waterway Modification for the San Francisco Estuary Project. He joined
the staff of SFEI in 1995, Dr. Davis is parf of a team that manages the Regional Monitoring Program for the San
Francisco Estuary, and is managing three projects examining contaminants of human heslth concern in fish from the
Bay, the Sacramento River watershed, and the Delta,

CA OFFICE OF ENVIRONMENTAL HEALTH AND HAZARDS ASSESSMENT

Dr. Robert Brodberg has been imtimately involved with many sports fish health risk assessments. Most receatly he
has been the principal advisor on health risks for the San Francisco Bay and Bay Delta health risk studies targeting
sports fishing. .

€A PEPARTMENT OF HEALTH SERVICES

Dr. Smith is Chief of the Exposure and Assessment and Molecular Epidemiviogy Section at DHS environmental
Health Investigations Branch. He holds a doctoral degree in epidemiclogy, with an emphasis on epidemiological
methods. He has 2 wide range of experience in the design and analysis of enviroamental epidemiology
investigations inchuding the health impacts of contaminated fish. In his role as Chief, he has been responsible for the
scientific conduct of over 30 environmental epidemiclogy studies. Dr. Smith is also a member of the Santa Monica
Bay Restoration Praject Seafood Task Force. He has also provided technical assistance in the development of 2
sports fish consumption surveys, the Santa Monica Ray Consumption Survey and the San Francisco Bay Seafond

Consumption Study.
CALIFORNIA DEPARTMENT OF CONSERVATION, DIVISION OF MINES & GEQOLOGY

Dr. Ron Churchill is a Senior Geologist, Specialist, with the California Department of Conservation, Division of
Mines and Geology (DMG), and a Registered Geologist in California. He received a Ph.D. in Geology (Mineral
Depasits) from the University of Minnesota, Minneapolis in 1980, Dr. Churchill has nine years of industry
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experience in precious, strategic and energy minerals, with exploration and research projects in the western U.5. and
Mexico involving detailed geochemical studies of mine sites. Dr. Churchill has been in charge of the DMG
geochemistry lah for the last ten years. His responsibilities at DM(G include: (1) geochemistry and mineralogy
support for SMARA Mineral Land Classification Projects; and (2) mineral hazards studies for meraury, radon and
asbestos. Current mineral hazard activities by Dr. Churchill include the compilation of a mercury mine and prospect
database for use in environmental and hazard assessment of mercury sites in California, and providing geologic
suppert for El Dorado County Asbestos Task Force.
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chrlerring I e n i res e ot vk of o,
well a1 the roka of microklal aetvity The daba from this 55,y wH ba tightly Coordinamed with
theas Of Gary GIlTAMUG. Task T4, B, €. 407 wha wil measurs berthic Puxes directly
Ut DA tocchambars Th i froem this By wil provecs for @ otaal, pradelive
capabifiy fowerds understending $m fale of sedmeniary Hg & te mechanisma which tawor
thes tetTyintion and rarspo of the methyisked spaches I the erying weter colimn,

I _]__ A

G twtions. «n te Bay-Delta regon wil be swmpied Hred Mo 4 year using afher|
barthic. fux chamber de; andior axtimated from Inbersital pore water

The ke wil be ubed b debrmins e sedmen so webes input fax of Hg & methwl Hg.

3 sriwine rivmecis wil be corcuched o caphure vandng environmenis
condbions Win e siilery & GrBvide mecdmor fviltios sowita M Eanges:
Esbewing bansects w4 b vonduched ding ihe saiog o early summer period
v TTyMrtion Bctivity ib SMIpWed £ B el & during NOR 5 1w
rivirire Mlow periods, To biain fu nformrtion, T sskesty sl be sampled
acrou1 2 selnity grackent for ot & dissdived Hg & methyl H

The dats ottwirsd wil be thw rritvss batence

[cacrizad in Fregal st &l (1099) & Wan et &l {1996} o quanify Tha riwerine ikow, insitu

ywoduction (or ksd), & estulrine «xpor fle of T Hg fovms. This approsch will provide an

__|indecandent wetimade 1o compare st he sedment-water fuses delerminad in Task TA,

L

g be wary 1.8 A period of 2 yeeni. Samping
Mnmlmommmmmhgnmﬂnmomsm(n 1,23,
B. and 10 &) In wach & ifraliiat p & mbwraiet
ot ki W b cobsciad by hcioniig A ceWHIgng m irsthly colecisd intect
Care udel Torieing p el by Blcam ot M.

_[abeont of the skes chosen lor Taek 7A

Dirth wil e unec ' estabith e methyl Ho produciion petier sl & fey atte Inthe Bay-Deta
vagion. Tha site chedan for e suay wil be cooranmad wih other CALFED imesigations

Ssa belov

‘wmmamﬂhw Ve will roly o6

Total moreury "hot spods” withn the Cache Creok Viamersiey wif Do et
Altese viley, mmmmhwhmmw
Cache Craex 8 most

mwhu&e,?.mmovmhmmm !

et heinw Gy martury from lhese sourcas Wil |

mwwmﬂmmmmmmm
toms of merciry fna f
Dariments usiag i mathods of Mack &, 1957) Mllza uyed to quwnifty e
| potenilal For aach mine source o Iroduch metiyt mercury Lrder m varlety of in- |

The primary Dajsctiv of this work wiH be i CARAAZIOATS Wa ML pomt forms of sl
LTS Ry Tt DROMots mercur o highwr
mmmrmsmmmmmmmnmmtwm
il Taghly localized ki,
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Table 1. Surnary of Ecologleaibioiogioal objechives,

associated hypothesas, and

moritoring parameiers arxd approaches

Ecolpgica! and Human Hestth Impacts
of Marcury i the Bay-Delta Watershed

i

Fiomiloring Pisameiens: Dtw Evibhuwiion Approch Comments ]
< Avid Dby Corlmetion
Compars a0t Tomdb From 4l Ibusir'y Wit Carzuletsc (et H 80 orodLead aitn [Resuts il be Ubed 1 Focut Sl
*Colmet ol recoversths, daaiud 5 meiyt HY dets slng Wi sadiment inade | sty i ascentein raletiva importancs of eech warerbocly. Muliply seSmaled margenic | Up ramudrtion feastlity ecihitien
From the 4 fvors. Lve s dute wiong wilh water sgeort rates from eechy besin | lead [rosy sech wikiershd by He metryleton rate oncs i sabuiny %0 sececiin reisive O most mportant vltershed
Task 1ARE  |Sow bokew 0 Lacuiate thranl & Hg londe At inpochirica of MM oy BCR BOUTH OXCA In STy sources
|
memwmwam-mmnm\m Lomds of Hg-total et Hg-miiryl wil D compubed and compantd wixeious work (Fob §
atiions ovet 19 monifia (2 wel 3eas0ns, 1 dry saalkon). Wtk semping at 12 |Croyk, 1658}, NaRursl Sovl7bUBOn o Mot SPHNGE Wil be ewblshed BN Natarsl racers
‘ﬂmmdhul&mum'ﬂ- unfitwted water (Hg-lol Hg-Me, ki sod, (. B Clr. Major aviorn, DOC, 5 nutlent deiss peeded o weaduitts Ho maedindalion
tdtrbols, NCH meLalST, filened b (MBKr CHNONE & BONE, bace mettis, | processes. Malor cations B race meisk medsd o aveiois cversl hyorogeochensiiny &
orgares CATDUN, NuErants). Samplas of Euspenciad adimant 2 bed eackment {24 | ongin of siher Yoy slsments (a.g Hg} Samdard materis wg in dfferent forme {u.g.
o) Wil be Subjectsd 1o pequential extrattions i determing sulob, Nefive GBMent, CIGAMICERY SOpid 07 W0 ofanent JUDSTINAL) wi be
Tash 1T Sbe below foema of Mg, [2utected jo s wsis.
ITha 1.5 > i Daugss &1 kO Crasie and coldcy
mu&q-mmmvﬁm(mmumc-M)
Feovar, 1L furk ot adctional indenive samping wil bb required sl sach
{eaton 10 dociamant (e ve svants. Samping would target wintar Storms or | Dt wil be used o Auly charackeioe the toil Bd methyl monasty loads, B3 ot raberal
any othet apecial wvaris ideritad io ba Meior cibes of OFF At mercury { i Dbty Mo ofF ding BNOTT MM wWhtSE S1CITTES, wivcl wl aowy for @ ceerminaan
Teeh 1D Seuboiow  [movemant of 1ot and xy sxport

d main nam of Cache Craak
in caryon ares. uﬂhr‘dmmg\vﬂ Hg-melhyi, el seximent]. Filmred

AYIRIS duta (miswrg maps showing dxtent of Hy minerdizetion and related siteration) will
aamping.

Haleoptar masistance probably
bpded 10 sccmes Cache Cresk

Tash 1E [wetar (orutic carbor). Atotdl of 12-2 waler a8Tries wil be comctic, | b uaed o prioriizs Samyon
{ A variaty of fish speciex, of - will ba colecimd at localions
i Immmmuummnym a8 wall 88 DOPUNN CEALOM for
| |fishermen Ash. The fish stwl ba procwssed end anetyzod for nwroey Data o oslabltsh & relable baraaing deis W maliale the eifect of
cOhert, A3a43iNg CONLETINATON of everal 3pecies of smal whole body fish | marcury remadiation and watiend reatoration ectivity in the Bakin, DHS sndfor QEHMA wil
i within the xize rangm of dietary profarence of fiuh-eating birds is 2 uwelul mhhlmmHunﬁhﬂmmﬁdmmﬂ-ﬁuh
, Mﬁwmiﬂlhumwwmﬂmmh IMFoT Spor VAT uwhhmmnmnrmhnmﬁj
TaskZA&C | See belw 4t in tha quancy ard preperation iachiques
|
I
oy QA N wier L )
ﬂhlwﬂdhﬁcllwddmhbimﬁlkhmetvﬂ
| v tha lvale o H R MetHD in amal fish prey Bnd 1 compers hass
. loves 1o wvsln debenmined b bé o safe dose for bitd consumplion. Ditary i e f3eU mercury Concentiiions in hihy species whHch Serve B (Yey e Io
wil b rahrs birds.  Thirss Donesriaions: can ba canmpened Hg concanirslons i oray lems. thal have
Task 2B ol b hwﬂ-ﬂl&ﬂﬂ Bulwcted by i desion brvert cderonwirated ko Ciuse Todoly to birds.
E208 colwciad sy 2 deys of ncubation wil e 22308894 for pvien
ceveicperental shnonmalties evd sromelss. A vaiiety of nestng Agairic :
pecies inchediog rallds, wirberfowd, shonstinds wnd colorial walsbirds: wilbe | The desct sssastamat of e miasn sgg b The sdwntage of demonsirming bl ‘
codacsd mnd Sapesrad n-mmummuu-nmw mumam chemical
per your, wilh ot ewsl four specien in concent w wirbnpd A m
el e Wik i the apdng of 1999 ard 2000, w-rlpnnhllmu prewih, esmbryn der haich srcess Wi be basad Lpon wWha
| acmrchis will bo condusiid in ofrer aress of e doka e undor ot | wg af maTCUry enaior saienim, wikeing Comparisons with resiky J_
Task 34 Buw bwiwr rwrcury sulsigeks. ihorstory ytudss. | o
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Table 2. Total Budget (CALFED Funds Only}

|T-masum Lead Direct [Diredl Salary |Service  [Matenal & |Misc. & Ovarhoad | Gubtask | Task
Number Particinant Labor |8 Benslits  |Contracts |Acquisiion [Other Direct [& Ingirect [ Total Subtotal
[Hours  (Costs Cogt Cost [Cost Cost _|Cost Coet
| \ L

Tash 1 |QumﬂmmmmuﬁﬂhmmyLmnbhnmuﬂuHNWMSanﬂnm?Hh&erMWHHdi_ i
Sublask A SascRivWishd | [ |
Sublesk B CVRWAEB/SJSUF T 1400 s51.m] $168,572] $0] 23513 $25,3:raJ §852 |

Nobe: $58,572 of funds in Subtask 1B will only be used in 2nd yr if 15t yr sources id'd B I
Sublagk C UGS | 2868 32712 $0] §10579] $73.500] §151,128) $320,000 ]
Sublesk D CVRWGOB : [ $C[  $30,000 $0 $0 0 sa0o0) 00 |
Subtask E SJSUF [ 3w $13470]  $7.200 50| $19,100] $36230) $76000; |

Task 1 Subtolal : | ] $694,5T2

1 T
1 R —

Task 2 ﬁﬁmunnummnniiihuanunuw@muncamggggkq@qgggi -
Subtask A SFE} T 500, $21,924] $485,000, 1] $3500]  $4576] $205000] _
Subtack B SFEI 0 30l $25,000] $0 $0 _80[  $25000
Subtask G DEHHADHS 960, 350870 ] $0 55000 “$19.030] $75000 ]

Tosk 2 Subtots! | ! ; $325,000

! j ! \

Task 3 ! A of Hy Hazarts to Avian Reproduciion in the Sacramentc-San Josquin Defta |
Sublask A JUSFWS 2322 $720000 ~§24.000] T #5500 55000 23000 $125000 ~ T |
Suthsck B 'usFWS 1,800 $40000 " §o6000] "$30000)  $12,500{ 23500 $210000]

Task 3 Subtotal | T ] | %33b6.000

; i N R S

Task £ A ment of Hg B _“"Trity&ﬁhirl‘anmmé'ﬂaMWR_” _
Subtask AT CDFG/SJSUF 7832 $272762] $130,000] 36,000 mﬂ‘ _ §7o.338]  §550,000 |
Subtask A2 SISUF 2100) ~ $90000, 516660 $30000)  $22500] $40.820| §200.000
Subtask B1 TAMUG 4200, §181804 | S0, $23500| 63471 $107657| 4$373.831
Subtaek B2 TAMKG 0| _ §i5165  $0| 1,000 78] §10.112] $4.085
Subtask B3 TAMLG a T ] $0, $28800) Si2672] $41472

Task 4 Subtotal T ﬂ’lf Jﬁ.i, R A‘_ _|_:1,zn1.:m_

Task 5 Hg&mnmgsﬁaiﬁﬂﬂﬁﬁﬁiTﬁiﬁmnwuﬁrhﬂqumanWMUﬂhd j
Sublask A UC Davis | a000]  s116030] $40000] 50 189777 $100,545
Subtask B UG Davis BO000|  5261420) $55000)  $12000 554751“ $35,760] §300.085
Subteak C1 COCCIONG 1040 saa7as| 30| ‘_sb SI0000) $14623 363362

| SueeskC2 [SISUF - el sol sinels sol so| 5111638

Task 5 Subtotal T F“_‘ N $774,030

| | N l

| Yask 8 Huﬂmmunﬂwumh&ﬂCummumm J !

Sublaek A |CDFG ’suo[ $163,962]  §80,000] $0|  $5500  330.508] E£260.000

B ncummmmmmﬂymmmm«smwmmghwm%d1st$25w0x9cumws)

| SublaskB  [CDFG | 725]  §30,148 0 $3750]  $6.102]  $40,000
SWimkC  |COFG/Sac RvWIr .4 4 | $20666 so %0 $500,  $3pW4, 525000

| Subleer  jCDFG | 514,049 $0 $0 000 8051 %000

| SubtmkE ICOFG m $3.686| $15.000 50 $2500] $3814] 525000

Task0Subtotsd | —_T SR SRR $370,000

LRDJEU TOTAL | 39,736 $1.543,270] $974,080) §168,678 $ITT AAS| $848,618) $3,700,000| $3,T00,000

[
[* Funds ams to be held at SJSUF until allocated. |
Il —0 21362
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Tahie 4: Schedule of Task ActhitiesMilestones

Tenk/Butrask

B stk

1 o . hefyor
e P-mip.m Miestore

1Querw Nurnber]

Yr2

Bih [71h |ath Jetn {10t

Task 1

| Sumka

amwmnummmd-hmsay-m from Tributary W

Sac Rithmhd Collect Sac Rvumphnfuwhi Ha. MeHg

Sample lnalpls B
Duta & GA/AC reporing

CVRWOB/MLIL [Cailect offer Tiver $amples fof ioteF, dissolved. & MaHg
: Sampla analysi

—

X

x
,_x i
x

Daw & QAQC reporting

baskC _ [USGS Constct & instument gaging stwtions in stucy sres

] Operale & mairiain gaging atations (18 months)

x

Monilor water quality & Hg speciation (5 sampiing pesiods}

Data & QANIC reporting

|
[MLMLCVRWQE |Collett slom/special evenl sampies for lotal H, Merg

T Sampla analysi

i ] 'nma & QAGC reporting
I

US(_;Si |Rece issance igation of sty sile

Conduct sample collection

L jempeamials
'Data & QG reporting

lemn Heaith Risk Assessmeit of Hg in the Cache Creek Watershed

SFEI [Design fish study--spacies, Bizas, analviical mathods, eic.

[Coliact samples & analye

‘Data & QAQL reporting

Suntagk B

SFE! | Design pray fish study--specios, sizes, analviical methods, eic.

|Collect samples & analyzs

Data & QAQC raporting

OEHHA/DHS  [Meet wifish Tesk participants & revies data

»®
)

_ Produce tissue consumption guidedne repor
lu.ue ies i appropriate

A ant of Hg 0 Avian Reproduction in the S

USFWS Conkhct site & species rBCONNAISSANcE
|'Gondud fald sampling/ega wollact

(Azsess 120 eggs from 4 speciesi for avion devel

abnormalities & Hg 45e tissue concentrations

Data & QA/QC veporting

LEFWS Conduct ey Injection studies

Task 4

Y T

Dala & DA/QC raporing

|

.
X

f of iy Biosvaiiabiifly & Fiux Rete Throughout the Bay-Dalts Watarshed

Sublask A1

COFGMLML Conduct site rwomaassancaisu station nabitat survey

x| x

Gonduct sampié ¢ jon (3 periods;

Sampla 1|

Dda&aﬂo'ﬂctapam'ng

1 [TAMUG ~~ [Corductsitar igsance

" [Callect samples from & stations in Bay-Defta for

bmrnmndeg&MeH.(MWassessmmp var.)

Sample anatyais

Data & QAQC reporting

2

B

TANUG Condud 2 transects o capture sxremes in riverine

Row

{acices satinity gradient for total, dissolved, & Me Hg from

[ 1]

Sacramenic to the Golden Gate)

| (SaImple aalysis

: Data & GAKIC repofiing

| Sublusk BY _{TAMUG — |conduat g every 1.5 mo for duration @@ & depths

{0, 1, 2, 3, 5 and 10 an} In sad's & interstita) pore Auids.

Detarmina MeHg 1o fotal Hp ratio a1 each depth {samg l

TEY

[Dets & GANGC meporting
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Table 4: Schedule of Task Adlivities/Miastones

Task/Subtagk Lead Activity or 1 \Quamrﬂumw T
| Number | Pariicipart Miiastonie Yri Yr2__| Yra
f 15t \2nd Jard [ath J5th [Bth [Fih Teth 101
Task 3 Hg Sownu.aluccummﬂm & Trophic Transier in the Cache Ck Watorshed ! ]
| SublaskA (UG Davis |Ste & sedection/mapping x| x !
o |> Conduct sample colleciion * I x| x [ x| x| n
ph ) X ®x x| x| %x|x
Dala 8 QADC raporting N | x | x x x
Subtask B UC Davis Conduct sampla collection M T x ]2 x| x| x
Sample anaiysis | X | x [ x| x| x| X
Dala & QA/OC reporting % | X X
Subtask C1 COOCDMG |Comduct mine site assessments % x| x| ox 1
[Progare documendation of mine e assesaments | 0 |1 § Tafal
Subtask C?  |SISUF-Temp mmmﬁgﬁmﬁﬂ ol ._._lk,.‘ [HESELEIEN
Task 8 Project Management and Logistical Coordination N
| SubteskA  [CDFG \Propare & manage subcontacts X, 21 x ) x| x a2«
__|Prepare & submit invoices X ox Tulx  x I % ] %x]alx|x
B GDFG Ptan & eonduct Gty Project Status Meetings/Cand Calls x| x| x| x| x| x| x| x{x[|x
B I Prepare project-wide Giuarterly Progrets Report x| x | x| % x| x| x| x[x]|x
I |Prapare project-wice Annual Project Report X X
o |Prepare projectwice Draft & Final Profect Raport T T RN
| Subtask C CDFG Dewsiop sampling, safety, & QAPP for sntire projedt R T 1
Devaiop sndardized daa raporing formats wiall pariopants | x | % T
. Compile data DAIG evaluative reports & data reports j x lx1 x % x
for all participants, review, & submit i ]
Subtesk b COFG/Sac River [Prap & disfribution of informationat r P % x ! | X F] x
Watarshed  [Plan & conduct series (@ UCDavis [E] x| x| X x
Plan & conduct outreach psionams | = Y
btask E ‘COFG Foren external reviaw commitiee (ERD) x . ] ! I T
____ _|[CondutERCmesfoa _ _ ___ RIS P R %ip HEREY
_ ____ |Prepare symmary of ERG cx menu&respomes o x| _|_ T Tx { x
b L
The g sctivities/products ara required of alf participents for st taaks/subtasi uuptTlgk,G) I 7]
srf are not included in the above task-specliic schedule: T T
] I
Al tarske/sultasks [AIl participants  |Develop sampling. safety, and quelity assurance pians x % T [ ]
Al eake/zob Al participants & submit Quarteny Prograss Rapons 8 invoices X X | % %] %] %] xa]A|x
Al mskaisubtasks (Al partici Prapare & submit Annual Project Report ! 7% .
Al taskeauixanks |AIl par Prepare & submit Draft & Final Projeci Repon i T T x| x
ALl sk Al particip ipate in Quartefty Project Status Mesting/Conf Call X x| x| x| K] x| x| x|%]|x
Al tasknisut AN part fmcmmmEﬂemalFbamcmmmmeeﬁnqs X | 1 X
Al tashaisubtaska | AN farth [Partitipate in sciealific farams, Condut p & T % x ! T x} x x
1 £ publicationa a5 appropriate | |
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